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Abstract 
The aim of this study was to analyze the catalytic performance of natural dolomitic rock as an environmentally 
friendly catalyst in the reaction of Jatropha Curcas oil with methanol under microwave-assisted transesterification. 
The dolomite was utilized as a source of calcium oxide (CaO) and magnesium oxide (MgO). The main characteristic 
of this rock is the high content of CaMg(CO3)2 which was transformed into CaOMgO mixed oxide by calcination. 
The activation method to improve the activity, basicity and stability of catalyst has been investigated. The catalyst 
was characterized by X-ray diffraction (XRD), scanning electron microscope (SEM) and nitrogen 
adsorption/desorption (BET) method. The effects of reaction variables such as reaction time, methanol/oil molar 
ratio, and catalyst loading on the yield of biodiesel were investigated. The results indicated that the developed catalyst 
could also be reused feasibly up to three consecutive cycles. Overall, the potential of this low-cost heterogeneous 
base catalyst has been demonstrated for transesterification applications. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Biodiesel is renewable and environmentally friendly fuel which can be obtained by transesterification 
of vegetable oils or animal fats with methanol in the presence of both homogeneous and heterogeneous 
catalysts [1]. In the primary stage, the homogeneous catalysts were mentioned, where the high conversion 
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of triglycerides (TG) into fat acid methyl esters (FAME) was achieved, but the post-treatment process to 
purify biodiesel was energy guzzling for the solubility of the homogeneous catalysts in the products. 
Then, the heterogeneous catalyst was developed, which simplified the transesterification by facilitating 
the separation and the purification, and it has been demonstrated to be more environmental [2]. 
Based-catalyzed transesterification reaction has been claimed to provide better conversion of vegetable 
oil to biodiesel compared with acid-catalyzed reaction. Dolomite is a type rock that can be found around 
the world which can be used as non-toxic base catalyst. Chemically, it consists of calcium carbonate 
(CaCO3), magnesium carbonate (MgCO3) and very small percentages of other compounds [3]. A review 
of temperature controlled experiments using fresh dolomite shows that basic calcium oxide (CaO) and 
magnesium oxide (MgO) are formed after the carbonate groups have decomposed. Dolomite is mainly 
used in agriculture and cement manufacturing. Its use as a catalyst in many processes such as gasification 
and reforming has attracted much attention, as it is cheap, has high basicity, and is environmentally 
friendly [4]. 
In this work, we have carried out transesterification using the natural dolomitic rock as an inexpensive 
and environment-friendly catalyst. The objective was to optimize the process for biodiesel production 
from Jatropha Curcas oil using renewable catalyst. A microwave-assisted production of biodiesel was 
applied in this research to expedite the chemical reaction and give a high product yields in a short time. 
The effects of reaction time, methanol/oil molar ratio, and catalyst loading were systematically 
investigated. 
2. Materials and Methods 
Jatropha Curcas oil was purchased from Thai Physic Nut Oil Company Limited. The natural dolomitic 
rock was obtained from L.S.M. (1999) Company Limited. All chemicals were analytical-grade reagents 
(Merck). 
The CaOMgO mixed oxide catalysts were prepared by a calcination method. The dried dolomite was 
calcined at 900 qC in air atmosphere with a heating rate of 5 qC/min for 7 h. The solid result was crushed 
and sieved to pass 325-400 mesh screens. The products (25-35 ߤm) were obtained as white powder. The 
catalyst samples were stored in a desiccator that contains silica gel to remove the humidity (H2O) and 
carbon dioxide (CO2) of the residual desiccator atmosphere [5,6]. The derived catalyst was characterized 
using X-ray diffraction (XRD), scanning electron microscope (SEM) and nitrogen adsorption/desorption 
(BET) method. 
The reactions were carried out in a 500 ml glass reactor equipped with condenser and mechanical 
stirrer at atmospheric pressure, placed inside a household microwave oven. The fixed 100 g of Jatropha 
Curcas oil and the desired amount of the derived catalysts were added to the reactor, and then the 
methanol was introduced to the oil at various methanol/oil molar ratios. The transesterification was 
operated with varied reaction time under microwave irradiation, and it was instantly stopped by rapid 
cooling in an ice bath. Composition of the FAME was analyzed with gas chromatograph-mass 
spectrometry (GC-MS) equipped with a flame ionization detector (FID). Yield of FAME was calculated 
by Equation (1): 
 
           (1) 
 
where mi is the mass of internal standard added to the sample, Ai is the peak area of internal standard, 
mb is the mass of the biodiesel sample and Ab is the peak area of the biodiesel sample [7]. 
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3. Results and Discussion 
The dolomitic material is a double calcium and magnesium carbonate (CaMg(CO3)2), which when 
calcinated decomposes into CaO and MgO that are highly basic. XRD pattern was used to identify the 
crystallographic phase of calcined dolomite (Fig. 1). After the calcination step, the diffraction lines 
attributed of carbonate species disappear due to its liberation in the form of CO2, arising new diffraction 
lines with a lower intensity than raw dolomite which suggests a decrease of the particle size for calcined 
dolomite [8]. Thus, the diffraction lines located at 32, 37, 54 and 64q have been assigned to quicklime 
(CaO) and the diffraction lines located about 42 and 62q have been attributed to periclase (MgO). The 
morphology of calcined dolomite was evaluated by SEM (Fig. 1). The SEM image showed that calcined 
dolomite had a dense surface with heterogeneous distribution of particle sizes (irregular size) and smooth 
appearance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. XRD pattern and SEM image of calcined dolomite at 900 qC during 7 h 
 
The physical properties (surface area, mean pore diameter and pore volume) of the calcined dolomite 
are summarized in Table 1. The calcination process produces an increase of the specific surface area and a 
decrease of the particle size during the decarbonation process as revealed by XRD diffractograms and 
SEM micrographs [8,9]. 
 
Table 1. The physical properties of calcined dolomite catalyst 
Material Surface Area (m2/g) Pore Volume (cm3/g) Mean Pore Diameter (Ao) 
Calcined Dolomite 14.8 0.27 722 
 
The yield of biodiesel was affected by reaction variables, such as reaction time, reaction temperature, 
alcohol/oil molar ratio, catalyst loading, speed of mixing, and reusability of catalyst. The reaction 
variables were associated with the type of catalysts used [10]. Therefore, the effect of reaction variables 
was studied in the presence of calcined dolomite catalyst. 
In the initial stages of the microwave-assisted transesterification reaction, production of biodiesel was 
rapid, and the rate diminished and finally reached equilibrium [7] in about 4 min (Fig. 2). This can be 
explained by that transesterification reaction between Jatropha Curcas oil and methanol is reversible, 
when the reaction time is long enough [6]. 
The lower methanol/oil ratios resulted in poor suspension of the slurry in the reacting solution, which 
possibly induced mass transfer problems thus resulting in lower activity. On the other hand and in 
accordance with reported literature, the activity steadily increased with higher methanol/oil molar ratios 
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[11]. The FAME content increased significantly when the methanol/oil molar ratio was changed from 9 to 
21. The high amount of methanol promoted the formation of methoxy species on the CaO surface, leading 
to a shift in the equilibrium in the forward direction, thus increasing the rate of conversion up to 95.88% 
(Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Effect of reaction time and methanol/oil molar ratio on %yield of FAME 
 
In the absence of catalyst, there was no FAME formed in the reaction. A maximum conversion of 
95.88% was obtained with CaOMgO mixed oxide catalysts loading of 4 wt% (Fig. 3). The lower yields at 
catalyst concentrations above 4 wt% were due to the formation of slurries which were too viscous for 
adequate mixing. This result implies that the transesterification of TG is strongly dependent on the amount 
of basic sites [12]. 
The reusability of the CaOMgO mixed oxide catalysts prepared at the optimum preparation conditions 
was investigated by carrying out subsequent reaction cycles. After 4 min of the reaction, the catalyst was 
separated from the reaction mixture by filtration followed by washing with methanol to remove any 
adsorbed stains. Afterwards it was dried at 80 °C in an oven for 12 h and was used again for second 
reaction cycle under the same reaction conditions as before. The results indicated that the yield decreased 
with the repeated use of the calcined dolomite catalyst and it exhibited poor catalytic activity after being 
used for more than two times. This deactivation was probably due to the structural changes leading to the 
failure to maintain the form of CaO or its transformation to other form such as Ca(OH)2. This may also be 
due to the losses of some catalyst amount during the process of washing, filtration and calcination [7,13]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Effect of catalyst loading and reusability on %yield of FAME 
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4. Summary 
 
The natural dolomitic rock has been successfully utilized as a renewable catalyst in the 
transesterification reaction of Jatropha Curcas oil with methanol. The experimental results show that 
derived catalyst had excellent activity and stability during reaction. The conversion of oil to FAME was 
optimized, under different reaction time, methanol/oil molar ratio, and catalyst loading. The optimum 
conditions, which yielded a conversion of oil of nearly 95% for activated dolomitic catalyst, were reaction 
time 4 min, methanol/oil molar ratio 18:1, and catalyst loading 4 wt%. The catalyst was used for 3 cycles 
and apparent low activity loss was observed. The physical and chemical properties of biodiesel produced 
conform to the available standards. 
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